Abstract A series of new sulfonamides have been synthesized from Ampyrone with different benzene sulfonyl chlorides to yield the N-1,5-dimethyl-3-oxo-2-phenyl-2,3-dihydro-1H-pyrazol-4-yl) benzenesulfonamides (4a-e). All synthesized compounds were characterized on the basis of FTIR, 1 H NMR, and 13 C NMR, and also by the aid of mass spectral data. Further, all synthesized compounds have studied for their in vitro antimicrobial activities against selected bacterial as well as fungal strains by the agar well diffusion method. Free radical scavenging activity has been investigated by using DPPH method. Among all the synthesized compounds, 4b, 4d, and 4e exhibited significant antimicrobial and antioxidant activities.
Introduction
Heterocyclic compounds are the organic compounds having a wide range of applications in pharmaceuticals, agrochemicals, and veterinary products synthesis. Their nitrogen and sulfur containing derivatives are considered as extraordinarily important, unique and valuable sources for developing the new antibacterial as well as antifungal agents [1] [2] [3] [4] . Literature survey shows that one-third of the known organic heterocycles with nitrogen and sulfur are biologically active molecules having the broad spectrum of reactivity and stability in the medicinal fields [5, 6] . Pyrazoles are one of the most prominent five-member nitrogen containing heterocycles by virtue of their wide appearance in a large number of biological activities such as antimicrobial [7] , anticancer [8] , anti-inflammatory [9] , antidiabetic and analgesic compounds [10] , etc. Ampyrone is a pyrazole congener which is used to protect oxidative stress [11] as well as preventive for many of diseases including cancer [12] , hence received great attention for research. Besides, several derivatives of Ampyrone have been evaluated as the analgesic, anti-inflammatory, antimicrobial, anticancer activity, etc. [13] [14] [15] [16] .
Undoubtedly, research on different heterocyclic molecules has been done extensively, but Sulfonamides are still considered as privileged scaffolds in modern medicinal chemistry for developing new anti-tumoural, antibacterial and anti-inflammatory agents [17, 18] . Their structures are similar to p-aminobenzoic acid which is essential for folate synthesis in bacterial cells [19] hence shows various pharmacological activities like anticancer [20] , antimicrobial [21] , anti-inflammatory [22] , antidepressant [23] , etc. Several sulfonamide drugs developed from heterocyclic compounds have shown the significant therapeutic applications. For example, Celecoxib is a nonsteroidal anti-inflammatory sulfa drug inhibits prostaglandin-endoperoxide synthase (PTGS) which is responsible for the formation of prostanoids [24] , sildenafil is a PDE5 inhibitor that is significantly more potent and selective than other inhibitors [25] (Fig. 1) . Nowadays, Bacterial biofilms are the one of the most serious problems for human health especially in chronic infections, as they are responsible for diseases associated with surfaces, along with medical devices for internal or external use [26] . Hence, microbiologists are continuously working on methods for detection [27] and combating the bacterial biofilm infections [28] . Sulfathiazole used as an anti-biofilm agent against E. coli strains for targeting nucleotide synthesis [29] .
Therefore looking at the vast pharmacological profile of sulfonamides, we have attempted to synthesize the new sulfonamide derivatives from ampyrone with various sulfonyl chlorides and investigate them for biological properties viz., in vitro antimicrobial activities by agar well diffusion method against the selected strains and antioxidant activities by using the DPPH assay method. The results indicate that some newly synthesized compounds show promising biological activities whereas remaining shows moderate.
Materials and Methods
Melting points (m.p.) were recorded by the one-end-open capillary method and are uncorrected. IR absorption spectra's were recorded on a Shimadzu FTIR 8400 S in KBr pellets.
1 H NMR and 13 C NMR spectra were recorded on a Bruker Avance II 400 NMR spectrometer in deutero chloroform (CDCl 3 ) and DMSO using TMS as internal standards. Mass spectra (EI, 70 eV) were recorded on a Waters, Q-TOF MICROMASS (ESI-MS) mass spectrometer. The completions of reactions were monitored via TLC analysis using silica gel 60 F-254 plate. All laboratory grade reagents were procured and used as purchased. The starting materials (aromatic compounds), chlorosulfonic acid and Ampyrone having a purity of 99.5% were purchased from S.D. Fine Chemicals.
Synthesis of Compounds 2a-e
Synthesis of sulfonyl chloride derivatives from various aromatic compounds 1 by HSO 3 Cl is carried out as reported in the literature. [30, 31] .
Synthesis of Compounds 4a-e
A mixture of substituted sulfonyl chlorides 2a-e (0.01 mol), Ampyrone 3 (0.01 mol) and TEA as a base in CH 2 Cl 2 (20 mL) was stirred at room temp for 3-5 h. Further, ice-cold water was added into it and again stirred for another 20 min. The product enriched with organic layer was separated and dried over Na 2 SO 4 and concentrated in vacuum. The separated crude solid was dried and recrystallized in aq. methanol to give the pure products 4a-e in 70-80% yield. 13 
Antimicrobial Activity
Antimicrobial activity for the compounds 4a-e was carried out by using agar well diffusion method [32, 33] . Bacterial culture i.e., two gram positive (Bacillus subtilis, Staphylococcus aureus) and two gram negative (Escherichia coli, Pseudomonas aeruginosa) along with two fungi (Aspergillus niger and Aspergillus flavus) were selected to evaluate antibacterial activity and antifungal activity. Ofloxacin (20 mg/mL) and Fluconazole (20 mg/mL) were used as the standards for antibacterial and antifungal study respectively. The experiments were carried out by inoculating each culture with different nutrient agar plates followed by incubation at 37°C for 48 h. About 25-30 mL of MuellerHinton inoculated agar was poured on different sterile Petri plates and permitted to solidify. After solidifying, the surface of each agar plate was streaked by a sterile cotton swab with the reference bacterial strain and wells of 6 mm were made with a sterile borer. All test samples were prepared in DMSO (20 mg/mL) and 40 lL of each concentration was added to the respective wells with a micropipette. DMSO served as negative control and the standards as positive controls. The plates were then incubated at 35 ± 2°C for 24 h for bacteria and at 27 ± 2°C for 48 h for fungi. After appropriate incubation, a clear zone around each well clearly shows the inhibition to organism growth due to the inhibitory action of test compounds. Measurements were carried out by measuring the diameter of the zone of inhibition of each well.
Antioxidant Activity
The antioxidant activity of the synthesized compounds 4a-e was investigated by DPPH free radical scavenging method [34] [35] [36] . Stock solutions of testing compounds (1 mg/mL) for the antioxidant activity were prepared in DMSO. Addition of 50 lL of each prepared stock solution into 1 mL of a 200 lM solution of DPPH in methanol was done and all samples were kept for 2 h in the dark at room temperature and then measurement of absorbance was carried out at 517 nm. Ascorbic acid was used as a reference. The % scavenging activity was determined as follows:
where 'A blank' is the absorbance of the control reaction (only DMSO) and 'A sample' is the absorbance of the test compounds. The analyses were performed in triplicate. The % radical scavenging activity has been calculated from the initial and final absorbance of each test sample.
Results and Discussion
We have designed and synthesized a series of target compounds, (4a-e), depicted in Scheme 1 from Ampyrone with different benzene sulfonyl chlorides by condensation method. The structures of all compounds were characterized by IR, 1 H and 13 C NMR, and Mass spectral data. N-H asymmetric stretching vibrations of all compounds are observed around 3159-3022 cm region suggest the presence of S-N group of sulfonamide. All the IR absorption signals of the synthesized compounds 4a-e clearly confirmed the formation of SO 2 -NH group in structure. All other peaks are in good agreement with the synthesized molecules. The 1 H NMR spectra were recorded in DMSO-d6 at room temperature using TMS as an internal reference. The spectra showed characteristic singlet around 6.94-9.47 ppm for -NH moiety in the structures. Similarly, the presence of doublet and triplet around 7.09-8.20 ppm reveals the presence of Ar-H on the ring of the structures. The other signals and peaks of 1 H NMR and IR are in complete agreement with the assigned structures. The mass spectra of these compounds displayed an expected molecular ion peak at appropriate m/z values. The proton and carbon signals for other characteristics groups were observed according to the expected chemical shift and integral values. The NMR spectral data coupled with mass spectra strong support the proposed structures of each synthesized compounds.
Synthesized compounds were screened for in vitro activity against two gram positive (B. subtilis, S. aureus) and two gram negative (E. coli, P. aeruginosa) for antibacterial activity and were compared with the standard antibiotic, Ofloxacin.
The data in average MIC values at 20 mg/mL is illustrated in Fig. 2 which indicates that amongst all compounds, 4b and 4e exhibited significant antibacterial activities to bacterial strains in respect of standard antibiotic Ofloxacin.
The same series have been investigated for in vitro antifungal activity against two fungi (A. niger and A. flavus) with standard reference, Fluconazole. The data in average MIC values at 20 mg/mL is illustrated in Fig. 3 indicated that compounds having quinoline ring and dichloro substitution i.e., 4d and 4e exhibited superior antifungal activity to both fungal strains in respect of standard control Fluconazole, while other showed moderate activities.
Results of antibacterial and antifungal activity shows, the compound 4e having dichloro substitution on benzene ring carrying electron-withdrawing groups have shown potential activity against the bacterial and fungal strains compared to all compounds. Compound 4b and compound 4d also exhibit good activity due to the presence of acetamide and quinoline ring, respectively. However, other compounds do not show the zone of inhibition similar to that of the standards.
All synthesized compounds (4a-e) evaluated for in vitro antioxidant activity by DPPH assay method have shown excellent to moderate activity compare with standard i.e., Ascorbic acid. Free radical scavenging activity was carried out by using an alcoholic solution of the stable free radical DPPH which possesses deep purple color with absorption maxima at 517 nm. If the antioxidant material is added into an alcoholic solution of DPPH, its purple color disappears and it turns into a colorless solution. Thus, the antioxidant molecule present in solution quenches the DPPH free radical and become responsible for the change in the absorbance at 517 nm. Therefore, activity potential of the compounds is proportional to rapidness of absorbance decrease due to the formation of the non-radical form of DPPH-H by the reactions. Compound 4e (92.64%) with dichloro substitution on benzene moiety shows higher % inhibition value among all compounds indicating the excellent scavenging activity Fig. 4 because the electronegative effect can be responsible for the formation of a non-radical form of DPPH [37] . 
Conclusion
In summary, the N-1,5-dimethyl-3-oxo-2-phenyl-2, 3-dihydro-1H-pyrazol-4-yl) benzenesulfonamides molecules (4a-e) have been synthesized by condensation of Ampyrone with different benzene sulfonyl chlorides in good yield, characterized by spectral analyses and investigated for their in vitro antimicrobial and antioxidant activity. The compounds (4b), (4d) and (4e) were found to be potent antibacterial and antifungal agents compared with Ofloxacin and Fluconazole as standards respectively. Furthermore, the compound 4e shows excellent antioxidant activity (92.64%) whereas, compounds 4b and 4d shows moderate (63.14) and (72.25%) respectively when compared with standard ascorbic acid (96.69%). In general, compounds having chloro substitution along with the acetamide and quinoline ring exhibited good antimicrobial and antioxidant activities.
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